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Abstract 

The seagull terms for the electric polarizability of the nucleon are shown to vanish 
indeed, if one introduces fluctuations around the Skyrmion configuration, and after all 
the origin of the electric polarizability cannot be attributed to the seagull terms in the 
Skyrme model. 
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1 Introduction 



Electric and magnetic polarizabilties are important structure parameters of baryons, 
which characterize dynamical responses for the external electromagnetic fields. There 
have been many calculations on the electric polarizability of the nucleon and the hyper- 
ons by chiral soliton models . In these calculations its origin is attributed to the 
so-called seagull terms proportional to (cAq)^ appearing in the Hamiltonian. 

It has been pointed out that the existence of the electric seagull terms in the Compton 
scattering amplitude conflict with the gauge invariance of the electromagnetic fields]^. 
And we have explicitly proved for the Compton scattering amplitude in Ref. |^ ] that the 
seagull terms contributing to the electric polarizability of the nucleon vanish for a wide 
range of theories including the Skyrme model. Subsequently we have successfully calcu- 
lated the electromagnetic polarizabilities of 0(A^^) from the Compton scatteringamplitude 
through the dispersion integrals of the pion photo-production amplitudes in the Skyrme 
model 0. 

However, Scoccola and Cohen gave an argument that the seagull terms could 



survive for the electric polarizability in the Skyrme model, if the fields are restricted to 
the Skyrmion configurations with the collective coodinates in the Lagrangian. Another 
argument by Meier and Walliser followed : They insist that the electric seagull terms 
could survive in the Skyrme model, even if the fluctuations around the Skjnrmion are 
introduced in the Lagrangian. 

In this paper we show again that the seagull terms indeed vanish in the Hamiltonian, 
if the fluctuation fields around the Skyrmion are introduced. Our conclusions are that 
the surviving seagull terms of the collective Hamiltonian are not stable against any fluc- 
tuations, and that the electric polarizability of the nucleon cannot be attributed to such 
seagull terms in the Skyrme model. 

In the next section we difine variables and notations and give the collective seagull 



terms surviving in the subspace of the collective variables. It is shown in the section 3 
that if we introduce fluctuations around the rotating Skyrmion, the seagull terms cannot 
really survive. The conclusions and discussion are given in the last section. 

2 Collective seagull terms 

Let us start with the Lagrangian given in and we rewrite it in the form suitable to our 
purpose, that is the electric polarizability in the static external elctric field expressed in 



terms of Aq; 



J d?x |i(<i>, + eJa)Kab{^b + eJb) - V[$] + ieAo^oj (1) 



where the SU(2) field U{x) is written as [|l^] 



under the constraint 



and 



U{x) = ^\%{x)+lTa^a{x)] (2) 



*0(^) = /'-E"^a(^), (3) 



Ja = AoEsca'^c, (4) 



and Bq is the baryon number density, and see Ref. for the explicit expressions for Kab, 
V[$] and others, which are not used here. Note that there is the seagull term e^JaKabJb 
in the Lagrangian. 

At first, we reproduce briefly the argument by where $a's are replaced by the 



Skyrmion configurations with rotating collective coordinates in the laboratory system^ 

= V^a(x,t) = Rai{t)Ufi sin F{r) (5) 
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with F{r) being the chiral angle, r = |x| and fj = Xi/r. Rai{t) is the time dependent 
rotation matrix. The time derivative of the field is written as 

^aix)=M^,t) = Z:i^,t)u;,, (6) 

where Uc is the angular velocity around the isospin axis c, and is the rotational zero- 
mode function in the laboratory system, 

Z'^{^,t)=eabcM^,t). (7) 

The Lagrangian is then written as 

Lsky = / rf^x + eJa)KatiZ^uJd + eJ,) - V + ^eAo^oj , (8) 

where the arguments in J^, Z^, Kab and others are to be replaced by V'a's. 
We define the intirnsic spin operator conjugate to uJc as 

dL 

Ic = -7^ = AsuJc + eDc, (9) 

OUJr 



Dc = J d'xZlKabJb. (10) 
As^cd = J d?xZlKabZt, (11) 

where A5 is the moment of inertia of the Skyrmion. The Lagrangian is simply transformed 
into the Hamiltonian as 

n - T T - -^a(-^a - e-Pg) r 

-nsky — J-a^a — -tv — -Lsky 



T"^ pT D 



^ - 1 d'xJaKabJc ~\j d'xeAoBo. (12) 



We observe that the seagull terms given as 

could survive depending on the form of Aq in J^. This result is used in previous calcula- 
tions of the electric polarizability in the Skyrme model [|l]-^|10|. 



= ^ (/ d^xJbKbcZ^y - y 1 d^xJaKabJb (13) 



3 Fluctuations and the vanishing seagull terms 

Now, we introduce the fluctuation fields around the Skyrmion configuration as 

^a=M^,i)+Xa{x), (14) 

where Xa is defined in the laboratory system. Thus the time- derivative is given as 

$,(X) = Z>, + Xa. (15) 

We note that the time- derivative of the Skyrmion field is of 0{N~^^'^), while that of the 
fluctuation is of 0{N^). Then, the Lagrangian is rewritten as 

L = ]^j d'x \^{Zluo, + xa + eJa)Kab{Ztud + X6 + cJfc) - V + ^e^o^oj , (16) 

from which we derive the momenta conjugate to Uc and Xa as 

Ic = [^s + J d'xZ^KabXb) + eD„ (17) 
n„ = Kab{Ztu}d + Xb + eJi,), (18) 

respectively. There is a linear relation between and Hq, the primary constraint, 

Fc = Ic- J d^xZ^U, = 0. (19) 

The Hamiltonian is formally written as follows: 

H = Ms + ^J d^xUaK-,'Ub - J d^xUaJa -\ j d^xcAoBo 

+ terms of x's and their spatial derivatives. (20) 

It should be noticed that this Hamiltonian has no seagull terms. This is due to the 
constraint Eq.(19), where Ic is expressed in terms of 11 and Z in contrast to Eqs.(H) and 
(p!7|), which contain eDc- 
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Since there are the constraints among Jc's and Ila's, we impose the standard gauge- 
fixing condition that Xa's are orthogonal to the zero-mode wave functions, Z^, 

G, = I (fxZlKai^Xh = 0. (21) 

And, according to the standard method, we decompose Hq into the transverse component, 
TTa, and the parallel one to the zero- mode wave functions, where the primary constraint 
is rewritten as 

= j d'xZ^TTa = 0, (22) 

and then we obtain 

Ha = vr, + ^KaXh. (23) 

Following this transformation should also be transformed, but we can take the same 
as the conjugate momentum to the rotational angle in the tree approximation, because the 
difference is due to the fluctuation flelds |jl3|. Finally we flnd the Hamiltonian satisfying 



all the constraints as 

H = M, + - - e / d'xiTTaJa + ^AoBo) 

j d'^XTCaK^fl^iTb + power terms of x- (24) 

The seagull terms do not reappear. The same conclusion is also obtained for the fluctua- 
tion introduced in the intrinsic frame of the Skyrmion. 

This Hamiltonian is, however, different from the one obtained in |jrT|, where tTq = 



KabXb is assumed and tTcou is identified to the remainder of Eq.(|l^), that is, Ua is decom- 
posed into three conponents, perpendicular, parallel and irrelevant to the zero-mode wave 
function. If one does so, one can easily see that vTa cannot be the canonical conjugate 
momentum of Xa'- Since 

J d^xUaXa = J d^x{na + eKabJb)Xa (25) 



in the Legendre transformation, the momentum field canonically conjugate to Xa is to 
be TTa = Tia + KabJb, where used is / Z^KahXh = I Z^Ha = 0, that is vahd only for the 
tree approximation. Thus, in order to get the canonically conjugate momentum to Xa, 
one has to decompose Ua into the two components, perpendicular to and parallel to 
without any third component in the standard gauge-fixing conditions. Since there is no 
third component like eJa, cannot have the relevant term JaKabJb- 

Thus, we are led to the conclusion that the seagull terms do not really survive in the 
Hamiltonian, if we introduce the fiuctuations around the classical soliton configuration. 

4 Conclusions and discussion 

If we truncate the dynamical variables at the collective ones in the Lagrangian, the seagull 
terms could survive in the Hamiltonian. It is known that the surviving seagull terms give 
the electric polarizability of the nucleon a^q and magnetic one f3iq a relation = —2(3^- 
in contrast to the relation ajy = IO/^at in the chiral perturbation theory at the chiral 



limit . a ^ from the seagull terms is larger than the one in the latter by a factor 3 ^ . 
The factor 3 is interpreted as the hidden contribution from the degenerate delta isobar |^ , 
but it would be difficult to apply the same interpretation to the magnetic polarizability, 
since the delta contribution is explicitly added to the magnetic seagull term to reduce the 
net magnetic polarizability. We wonder whether the factor 3 is a strong evidence of the 
validity of the surviving seagull terms. Moreover, the seagull terms are not stable against 
any fiucutations around the Skyrmion as shown above. 

If we want to go beyond the collective variables and to calculate loop corrections to 
the polarizabilities and other quantities in the Skyrme model, we have to introduce the 
fiuctuation fields in the Lagrangian, and then we have to start with the vanishing seagull 
terms for the electric polarizability. In this respect we point out that there are also 
no direct two-photon couplings to the nucleon contributing to the electric polarizability 
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of 0{N^) in the chiral perturbation theory with the nucleon field Since we cannot 
attribute the electric polarizability to the seagull terms, we have to search for other origin 
of the electric polarizabilty of 0(A^^). We have performed this task by taking account of 
the contributions to the Compton scattering amplitude from the dispersion integrals of 
the low energy pion-photoproduction ones obtained within the Skyrme model 0. We are 
able to take into account the nucleon and delta mass difference of 0{N^^); if we discard 
the contributions from the delta isobar, we have the same elect romagenetic polarizabilities 
as those by the one-loop calculations in the chiral perturbation theory at the chiral limit. 
Thus, it is possible in the Skyrme model to give reasonable values to the electromagnetic 
polarizabilities of 0{N^) by pion-loop calculations even if the classical contributions do 
not exist. 



8 



References 

[1] E. M. Nyman, Phys. Lett. B142 (1984),388. 

[2] M. Chemtob, Nucl. Phys. A473 (1987),613. 

[3] N. N. Scoccola and W. Weise, Phys. Lett. B232 (1989),278: 
Nucl. Phys. A517(1990),495. 

[4] S. Scherer and P. J. Mulders, Nucl. Phys. A549 (1992),521. 

[5] W. Broniowsky, M. K. Banerjee and T. D. Cohen, Phys. Lett. B283 (1992),22. 
W. Broniowsky and T. D. Cohen, Phys. Rev. D47 (1993),299. 
B. Golh and R. Sraka, Phys. Lett. B312 (1993),24. 

[6] C. Gobbi, C. L. Schat and N. N. Scoccola, Nucl. Phys. A598 (1996),318. 

[7] A. L L'vov, Int. J. Mod. Phys. A30(1993),5267. 

[8] S. Saito and M. Uehara, Phys. Lett. B325 (1994),20. 

[9] S. Saito and M. Uehara, Phys. Rev. D51 (1995),6059. 
[10] N. N. Scoccola and T. D. Cohen, Nucl. Phys. B596 (1996), 599. 
[11] F. Meier and H. Walliser, [hep-ph/9602'^ . 



[12] A. Hayashi, S. Saito and M. Uehara, Phys. Rev. D46 (1992),4856. 

[13] A. Hayashi, S. Saito and M. Uehara, Phys. Rev. D43 (1991), 1520. 

[14] V. Bernard, N. Kaiser and U. -G. Meissner, Nucl. Phys. B373 (1992), 346. 

V. Bernard, N. Kaiser, J. Kambor and U.-G. Meissner, Nucl. Phys. B388 (1992), 
315. 



